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1
OUT-OF-ORDER EXECUTION OF BUS
TRANSACTIONS

TECHNICAL FIELD

Embodiments of the invention generally relate to bus trans-
actions and, in particular, to efficiently scheduling bus trans-
actions to occur in an order different from that in which they
are received.

BACKGROUND

As transistors shrink and die sizes grow, more and more
digital-logic system components traditionally implemented
as separate chips in discrete packages are being implemented
together on a single chip (a so-called “system on a chip” or
“SoC”). Internal buses on the SoC connect the various inter-
nal components; unlike traditional, off-chip buses, the on-
chip buses need not be the bandwidth-limiting factor in com-
munication between components. For example, while it may
be expensive in resources, area, and power to double the
bandwidth of an (e.g.) off-chip printed-circuit-board bus, it
may be comparatively cheap to do so for an on-chip bus.
Furthermore, the less-severe crosstalk, reflections, and/or
other noise on-chip buses are exposed to may make it easier to
run on-chip buses at higher frequencies (e.g., at the same
clock frequencies at which the SoC components themselves
run). Special care must be taken, however, to maximize the
benefits of the advantages presented by on-chip buses.

Out-of-order execution of transactions received by a
shared resource is one way to increase the efficiency of on-
chip buses. For example, a memory (an example of a bus
“slave”) may be shared by two on-chip processors (examples
of bus “masters”). The throughput to and from one master
may be relatively high and the throughput to the other master
may be relatively low (due to any one of many design factors
and considerations). In this case, a long series of transactions
between the slave and the slow master may disadvanta-
geously delay a later-received transaction between the slave
and the fast master (the “fast” transaction may be received
after all the “slow” transactions have been received, but are
still executing, or may be received during receipt of—or
“interleaved” with—the slow transactions). By allowing
transactions to execute out-of-order, the slow transactions
may be temporarily suspended so that the fast transaction may
execute. The increase in total execution time for the slow
transactions may be negligible, while the fast transaction
avoids a potentially significant delay.

One example of a protocol that supports out-of-order
execution is known as the Advanced Microcontroller Bus
Architecture (“AMBA”), and specifically an aspect of it
called multi-layer Advanced Extensible Interface, or “multi-
layer AX1.” Multi-layer AXI is an architecture capable of
providing the maximum bandwidth between each of the mas-
ters and the slaves in a system while requiring only a routing
density comparable to that of the SoC components. Every
connection in a multi-layer AXI system looks like, and
behaves like, a direct master-slave connection; existing
peripheral and sub-systems (e.g., those not programmed for
the advanced features of multi-layer AXI) may thus be com-
patibly connected via the architecture. One aspect of multi-
layer AXI that enables these features is the association of an
identification (“ID”) tag with each bus transaction; transac-
tions having the same IDs have internal dependencies and
must be completed in order, while transactions having differ-
ent IDs may be completed in any order. Multi-layer AXI also
supports write-data interleaving, in which groups of write
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2

data transactions from two or more masters are received, at a
slave, interspersed with each other; the slave tracks and main-
tains the original sources of the transactions and honors any
dependencies therebetween.

Any efficient implementation of an SoC bus protocol like
multi-layer AX], if it accommodates out-of-order execution,
must therefore account for the design challenges that groups
of in-order transactions and/or data interleaving present.
Existing designs may use first-in-first-out (“FIFO”) and/or
simple buffers to capture bus transaction requests as they are
received at a slave, but these designs require sophisticated
control logic to account for, and properly deal with, the mix-
ture of in-order and out-of-order transactions as well as con-
trol logic to de-interleave received data. These implementa-
tions are thus large, inefficient, and power-hungry; a need
therefore exists for a small, elegant, low-power implementa-
tion.

SUMMARY

In general, various aspects of the systems and methods
described herein execute bus transactions in an order different
from that in which they were received. Groups of in-order
transactions (e.g., “burst” transactions) are accounted for—
i.e., their order is preserved—by storing information regard-
ing their dependencies; when a next transaction is to be
selected for execution, only the first transaction of a group of
in-order transactions is considered as eligible for execution
(along with any other pending out-of-order transactions and/
or other groups of in-order transactions). In one embodiment,
the groups of in-order transaction are stored using a hardware
linked list; the first transaction in the group points to the
second transaction, the second to the third, and so on. An
additional hardware linked list may be used to receive, and
account for, interleaved data.

In one aspect, system for executing bus transactions
includes address and data buffers and control circuitry. The
data buffer stores write data associated with transactions
received from a bus, and the address buffer stores (i) write
addresses associated with transactions received from the bus
and (ii) information regarding in-order dependencies among
the transactions. The control circuitry selects a received trans-
action for out-of-order execution in accordance with the in-
order dependencies.

The address buffer may include a linked list, which may
include a series of in-order transactions. Selecting the
received transaction may include selecting a head of the series
of the in-order transactions. The data buffer may include a
linked list, which may be include a series of related write data
received on the bus interleaved with unrelated write data. The
control circuitry may include a control buffer for storing
information linking write data and write addresses, an arbi-
tration unit for selecting the received transaction, a free-
buffer-list FIFO for storing available locations in the data
buffer, a burst shaper for chopping a received burst into
smaller bursts, and/or a completed list for storing information
regarding completed transactions.

In another aspect, a method for executing bus transactions
includes storing write data and write address associated with
transactions received from a bus. Information regarding in-
order dependencies among the transactions is also stored. A
received transaction is selected for out-of-order execution in
accordance with (i.e., in a manner that respects) the in-order
dependencies.

Storing information regarding in-order dependencies may
include linking a first in-order transaction to a second in-order
transaction. Selecting the received transaction may include
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selecting a head of a series of linked transactions. A storing
write data may include linking a series of related write data
received on the bus interleaved with unrelated write data. A
burst of write data may be shaped in accordance with a slave
interface.

These and other objects, along with advantages and fea-
tures of the present invention herein disclosed, will become
more apparent through reference to the following description,
the accompanying drawings, and the claims. Furthermore, it
is to be understood that the features of the various embodi-
ments described herein are not mutually exclusive and can
exist in various combinations and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer to
the same parts throughout the different views. In the follow-
ing description, various embodiments of the present invention
are described with reference to the following drawings, in
which:

FIG. 1 illustrates a basic master/slave bus architecture;

FIG. 2 illustrates a slave interface unit in accordance with
an embodiment of the invention;

FIGS. 3A, 3B, 4A, 4B, and 5 illustrate address buffers in
accordance with embodiments of the invention;

FIG. 6 illustrates a control buffer in accordance with an
embodiment of the invention;

FIG. 7 illustrates a data buffer in accordance with an
embodiment of the invention;

FIGS. 8A, 8B, and 8C illustrate free-buffer-list FIFOs in
accordance with embodiments of the invention;

FIGS. 9 and 10 illustrate implementations of slave inter-
face units in accordance with embodiments of the invention;

FIG. 11 illustrates a read data path in accordance with an
embodiment of the invention;

FIGS. 12 and 13 are flowcharts illustrating methods for
operating a slave interface unit in accordance with embodi-
ments of the invention.

DETAILED DESCRIPTION

A basic master-slave interface 100 is shown in FIG. 1. A
bus master 102 communicates over a bus 104 (such as an AXI
bus or any other SoC bus) with an interface unit 106. A slave
108, in turn, communicates with the interface unit via a local
link 110. The master 102 may send read or write transactions
over the bus 104; the interface unit 106 receives the transac-
tions and fulfills them by forwarding them to the slave 108. In
the simplest case, the interface unit merely forwards the
requests to the slave 108 as they are received; as explained in
greater detail below, however, the interface unit 106 may
include buffers (or other means of temporary storage) to store
the incoming transactions and execute them at a later point in
time. Only a single master 102 and slave 110 are shown, but
any number of masters 102 and slaves 110 is within the scope
of the current invention. In these more complicated systems,
the bus 104 may be a network or “fabric” of bus connections
connecting the various components.

A more detailed representation of the interface unit 106 is
shown in FIG. 2. The bus 104 may deliver bus transactions
from the master 102 in the form of read addresses and/or write
addresses and associated write data (each transaction possi-
bly having control/status information bundled therein). In the
case of an incoming write transaction, a data buffer 202 may
beused to store the incoming write data, an address buffer 204
may be used to store the incoming write addresses, and a
control buffer 206 may be used to store the incoming control/
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status information (e.g., an ID tag). Similarly, in the case of an
incoming read transaction, the address buffer 204 and the
control buffer 206 may be used to store the incoming read
address and control/status information; the data buffer 202
may be used to hold the read data once it is read out from the
slave 108. The particular arrangement of the buffers 202, 204,
206 is, however, not meant to be limiting, and any combina-
tion or permutation of the three buffers 202,204, 206 is within
the scope of the current invention. Each buffer 202, 204, 206
may be implemented in any kind of storage medium, device,
or structure, including (for example) partitions or sections in
a random-access memory, hardware registers, flip-flops, or
latches.

As explained in greater detail below, the buffers 202, 204,
206 store information related to the interdependencies of bus
transactions as well as the actual transactions. For example, a
transaction having no dependencies with respect to other
transactions may be stored by itself in the bufters 202, 204,
206, while a group of transactions having a dependency (i.e.,
the transactions in the group must be executed in-order) may
have that information encoded into the buffers 202, 204, 206.
In one embodiment, the address buffer 204 stores this depen-
dency information as a hardware linked list; the first transac-
tion in such a group of dependent transactions is stored with
a link to the second transaction, the second is stored with a
link to the third, and so on. In the case of a multi-layer AXI
bus, the control buffer 206 may store the ID tag associated
with each bus transaction; as a new transaction is received, its
ID tag is examined. If it matches the ID tag of one or more
transactions already received, the new transaction is added to
the end of a linked list representing the rest of the similarly
tagged transactions. Received transactions having unique 1D
tags are simply added to the buffers 202, 204, 206.

Similarly, as also explained in greater detail below, the data
buffer 202 may include linked lists of received data. As inter-
leaved transactions are received (i.e., two sets of unrelated
transactions received from two different bus masters inter-
spersed with each other), data associated with the transactions
may be stored in the data buffer 202 in the order it is received.
As the data entries are stored, however, pointers to previously
received, related data are also stored and associated with them
(as, e.g., another field in a buffer row, as explained in greater
detail below). A group of related data may thus be read from
the data buffer 202 by following the links from the first data
entry, despite each data entry being stored throughout the data
buffer 202.

Once the incoming transactions are stored in the buffers
202, 204, 206, control logic 208 may be used to select a next
transaction, or set of transactions, for execution. In one
embodiment, the control logic considers each stand-alone
transaction and the head of each linked list of dependent
transactions when determining a next transaction to execute.
Pointers or links 210 (e.g., an address of an entry in a first
buffer stored as a data field in a second) between the buffers
202, 204, 206 may be used to identify the data, address, and
control information associated with each transaction. Once a
transaction has been executed, the control logic 208 removes
it from the buffers 202, 204, 206.

One implementation of an address bufter 300 is illustrated
in FIG. 3A. In this implementation, which for illustrative
purposes is explained using a write operation, the address
buffer stores write addresses 302. One of skill in the art will
understand that the address buffer may be also used to store
read addresses. Associated with each write address 302 is a
valid bit 304 that indicates whether a given entry holds a valid
address (e.g., the valid bit 304 hold a binary 1 to indicate a
valid address and a binary O for an invalid address). A mask bit



US 9,348,775 B2

5

306 indicates whether a valid address should be considered
for arbitration and execution; transactions that are not the
heads of linked lists, for example, may be masked off. A
next-transaction address 308 includes a pointer to a next
transaction, if any, in a linked list of transactions. An ID tag
310 stores a transaction ID, such as the ID used in multi-layer
AXI buses, for each address. A control-buffer pointer 312
points to a corresponding entry in a control buffer (e.g., the
control buffer 206 discussed above). The current invention is
not limited to this particular implementation, however, and
one of skill in the art will understand that the previously
described information may be stored in any a variety of ways.

The operation of the address buffer 300 will now be
explained in greater detail. With reference again to FIG. 3A,
the address bufter 300 holds a first transaction 314 at an entry
0 in the buffer 300. When this transaction arrives, its ID 310
(in this example, “ID1”) is not equal to that of any existing
entries in the address buffer 300; the new transaction 314 is
added, marked as valid 304, and marked as not masked as
indicated at 306. In one embodiment, the next-transaction
address 308 is set to a constant (e.g., 0xF) to indicate it is the
last entry in a linked list having that ID 310 (in this case, it is
the first, last, and only entry in the linked list). Its entry in the
control-buffer pointer field 312 points to a corresponding
entry in the control buffer.

InFIG. 3B, a second transaction 316 arrives and is stored in
asecond entry 1 in the address buffer 300; this transaction 316
has the same ID 310 as the first transaction 314. To reflect this
dependence between the first 314 and second 316 transac-
tions, the next address 308 of the first transaction 314 is
modified to include the address (“1”) of the second transac-
tion 316 in the buffer 300. The second transaction 316 is
marked as valid as indicated at 304, but, because it is not the
head of a linked list, its mask bit 306 is marked as masked. In
general, when a transaction arrives that has an ID equal to that
of any other entries in the address buffer 300, the new trans-
action is linked to the end of the list of existing entries (as
indicated, for example, by the entry having a next address 308
of 0xF) and masked.

The second transaction 316, being masked, is ineligible for
execution (reflecting the in-order nature of the first 314 and
second 316 transactions; the first transaction must be
executed first). The second transaction 316 may be unmasked
when the first transaction 314 has executed. Upon execution
of the first transaction 314, its next address 308 is examined
and, if not null (e.g., OxF), its corresponding transaction (i.e.,
the second transaction 316) is identified and unmasked. Being
unmasked, the second transaction 316 is thus eligible for
execution. This chain of unmasking transactions continues
until the last transaction in the linked list is identified and
executed.

Another example of an address bufter 400 is illustrated in
FIG. 4A. Three transactions are stored in the address buffer
400: a first transaction 402 at entry 0 (which is the head of a
three-member linked list of transactions that also includes the
transactions at entries 1 and 3), a second transaction 404 at
entry 2, and a third transaction 406 at entry 4. An arbitration
unit (within, for example, the control logic 208 described
above with reference to FIG. 2) decides which of the three
transactions 402, 404, 406 will next execute. Any suitable
arbitration unit and/or functionality is within the scope of the
current invention, as one of skill in the art will understand, and
the current invention is not limited to any particular means or
method of arbitration. In this example, however, the arbitra-
tion logic selects the first transaction 402 for execution, and
the state of the buffer 400 after said execution is illustrated in
FIG. 4B. In this figure, the valid bit 408 of the first transaction
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402 has been cleared to reflect the execution of this transac-
tion, and the next member of the linked list, the entry 410 at
location 1, has its mask bit 412 set to indicate that it is now
available for execution.

In one embodiment, another field may be included in the
address buffer to facilitate the execution of interleaved trans-
actions. FIG. 5 illustrates an address buffer 500 that includes
a data-arrived (or “DA”) field 502 that is asserted when all of
the data associated with a given address has arrived (said data
being stored in, for example, the data buffer 202 described
above with reference to FIG. 2). In this embodiment, a num-
ber representing the total number of pieces (or “beats™) of
datais sent from a bus master along with the rest of the control
information associated with a transaction. As each beat of
data arrives, a beat counter in the control logic 208 incre-
ments, and the control logic compares the value ofthe counter
with the total number of beats associated with the given
transaction. When the numbers match, all the data has arrived,
and the data-arrived field 502 is set, indicating that the corre-
sponding transaction is available for arbitration.

An illustrative example of a control bufter 600 is shown
with another address buffer 602 in FIG. 6. As mentioned
above, the control buffer 600 stores control information asso-
ciated with each incoming transaction; the address buffer 602
includes a control-buffer pointer field 604 that links to entries
in the control buffer 600. In this example, entry O in the
address buffer 602 includes a pointer 604 to entry O in the
control buffer 600, entry 1 in the address buffer 602 includes
apointer 604 to entry 5 in the control buffer 600, entry 2 in the
address buffer 602 includes a pointer 604 to entry 2 in the
control buffer 600, entry 3 in the address buffer 602 includes
a pointer 604 to entry 3 in the control buffer 600, and entry 4
in the address buffer 602 includes a pointer 604 to entry 4 in
the control buffer 600.

Each entry in the control buffer 600 includes a pointer 606
to acorresponding entry in the data buffer; in another embodi-
ment, the control buffer 600 includes two pointers 606 for
each entry, wherein one pointer indicates a first data beat
associated with a transaction and the other pointer indicates a
last data beat associated with a transaction. Each entry in the
control buffer 600 may include additional information asso-
ciated with each transaction. An ID field 608 may store the
AXI (or other protocol) ID of a transaction, and a burst profile
610 may contain burst-related information about a transac-
tion (such as, for example, burst length, burst size, burst type,
and/or byte lane). A valid bit 612 indicates whether an entry is
valid or invalid.

A data buffer 700 is illustrated in FIG. 7 (along with an
address 702 and a control 704 buffer). The data buffer 700
includes a data field 706 and a next-entry field 708, which
indicates a relationship among interleaved data. In one
embodiment, interleaved data is maintained as a linked list, in
which later-arriving data is linked to previously arriving data.
For example, the data 710 at address 6 in the data buffer 700
is linked to additional data 712 at address 9 and data 714 at
address 12 via use of the next-entry field 708, despite other
data 716 being received in-between the receipt of the linked
data 710, 712, 714. The next-entry field 708 associated with
the last item of data in the list holds a value of OxF, indicating
the end of the list.

FIG. 7 also illustrates the links 718 between the control
buffer 704 and the data buffer 700. For example, entry 0 of the
control buffer 704 links to address 6 in the data buffer 700 (as
the first data beat 710 of the associated transaction) and to
address 12 in the data buffer 700 (as the last data beat 714 of
the same transaction). In this example, if an additional beat of
data is received for that same transaction, it is stored in the
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data buffer 700 and linked to the last data item 714 by chang-
ing the next-entry field 708 of the last item 714 to reflect the
location of the new data. The control buffer 704 is also
updated to reflect the new end of the linked list.

FIG. 8A illustrates a free-buffer-list FIFO 800 that may be
used to track freely available locations in the data buffer. Each
available location in the data buffer is an entry in the FIFO;
when incoming data arrives, an entry in the FIFO 800 is
de-queued and the data is stored at that location. Once data is
flushed from the data buffer, its location is queued back into
the FIFO 800. In this example, the top 802 of the FIFO 800
holds a value of 1; incoming data is thus stored at location 1
in the data buffer. FIG. 8B illustrates the FIFO 800 when the
top entry 802 has been de-queued, and the new top entry 804
is 4. If entry 2 (for example) in the data buffer becomes
available, it is queued into the last position 806 in the FIFO
800. FIG. 9 illustrates a system 900 that includes a data buffer
902, a control buffer 904, an address buffer 906, and a free-
buffer-list FIFO 908. The FIFO 908 may be included in the
control logic 208.

FIG. 10 illustrates another embodiment 1000 of the inven-
tion having a data buffer 1002, address buffer 1004, FIFO
1006, and control buffer 1008. Also included in FIG. 10 are
further details of the control logic 208 shown in FIG. 2. A
completed list 1010 is a FIFO that contains pointers to the
control buffer 1008 of transactions that were completed (and/
or sent to the slave 108 for completion). The completed list
1010 may store pending, outgoing transactions and be de-
queued upon the successful sending of the completed trans-
action over the bus interface 104. In one embodiment, the
completed list 1010 is used to reference the ID tag of a
transaction to be sent. The valid bit of the control buffer 1008
may be de-asserted once the transaction response is sent out
on the bus 104. In general, a write request received from the
bus 104 is honored if there are free entries in the address 1004,
control 1008, and data 1002 buffers, and if the completed list
1010 has a free space.

A burst shaper 1012 may disburse transactions (i.e., pre-
pare and send for execution) stored in the buffers 1002, 1004,
1008 and stores them, upon completion and/or sending, in the
completed list 1010. The burst shaper 1012 may be used to
chop larger burst sizes in to smaller ones to comply with
constraints of the slave 108. For example, if a 64 kb burst
arrives but the slave 108 supports only 16 kb bursts, the burst
shaper 1012 divides the received burst into four 16 kb bursts.
When the burst shaper 1012 chops a bigger burst into smaller
ones, a burst address generator 1014 outputs the address of the
chopped burst (i.e., the “internal” address within the original,
larger burst that is now the starting address of a smaller burst).
The smaller bursts are then submitted to the slave 108; as each
is submitted, its data is sequentially removed from the linked
list in the data buffer 1002. A response may be sent out on the
bus interface 104 only when all of the chopped, smaller bursts
are submitted to the slave 108; at this point (which corre-
sponds to completion of the original, larger burst), the valid
bit in the address buffer 1004 corresponding to the transaction
is made invalid.

The burst shaper 1012 may also be used to support incom-
ing transactions that are narrower than a maximum width of
the bus 104; for example, 8-, 16-, or 32-bit transactions may
be received over a 64-bit bus 104. The burst shaper 1012 may
expand these narrow transactions to be compatible with a
width of the interface 110 to the slave 108. Similarly, the burst
shaper 1012 may re-align incoming unaligned transactions
and/or support variable data widths (if the slave 108 supports
this feature). Finally, a transaction controller 1014 (also
known as an efficiency controller or arbitration controller)
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may be used to select which among a plurality of available
transactions will be next executed.

The above discussion relates to write transactions, but one
of'skill in the art will understand that much of it applies to read
transactions as well. FIG. 11 illustrates a read interface 1100
that includes an address buffer 1102, a control buffer 1104,
and a completed list 1106. The data buffer 1108 may be a
FIFO because the read data comes from only the slave 108
(i.e., a single source) and there is no interleaving of data.
Because of the non-interleaving, the control buffer 1104 may
not maintain data pointers for the read data.

A method for operating a slave-interface unit in accordance
with embodiments of the invention is shown in a flowchart in
FIG. 12. In a first step 1202, write data associated with trans-
actions received from a bus is stored (in, e.g., a write buffer).
In a second step 1204, write addresses associated with trans-
actions received from the bus are stored (in, e.g., an address
buffer, and, in a third step 1206, information regarding in-
order dependencies among the transactions is stored (as, e.g.,
a linked list in the address buffer. In a fourth step 1208, a
received transaction is selected for out-of-order execution in
accordance with the in-order dependencies. FIG. 13 illus-
trates a corresponding read transaction, in which received
read addresses are stored (step 1302), as is information
regarding any in-order dependencies (step 1304). A read
transaction is selected for execution (1306), and, when the
corresponding read data is received back from the slave, it is
stored (in, e.g., a FIFO) and sent back to the master (step
1306).

The terms and expressions employed herein are used as
terms and expressions of description and not of limitation,
and there is no intention, in the use of such terms and expres-
sions, of excluding any equivalents of the features shown and
described or portions thereof. In addition, having described
certain embodiments of the invention, it will be apparent to
those of ordinary skill in the art that other embodiments
incorporating the concepts disclosed herein may be used
without departing from the spirit and scope of the invention.
Accordingly, the described embodiments are to be considered
in all respects as only illustrative and not restrictive.

What is claimed is:

1. A system for executing bus transactions, the system
comprising:

a data buffer for storing write data associated with a plu-

rality of transactions received from a bus;

an address buffer for storing (i) write addresses associated

with the plurality of transactions received from the bus
and (ii) information regarding in-order dependencies
among the plurality of transactions, wherein the address
buffer includes a plurality of linked lists; and

control circuitry for selecting a received transaction from

the plurality oftransactions for out-of-order execution in
accordance with the in-order dependencies thereby
interleaving execution of transactions from the plurality
oflinked lists, wherein selecting the received transaction
for out-of-order execution includes reviewing transac-
tions for which an associated mask bit has an on value.

2. The system of claim 1, wherein each of the plurality of
linked lists comprises a series of in-order transactions.

3. The system of claim 2, wherein selecting the received
transaction comprises selecting a head of one of the series of
the in-order transactions.

4. The system of claim 1, wherein the data buffer comprises
a linked list.

5. The system of claim 4, wherein the linked list comprises
a series of related write data received on the bus interleaved
with unrelated write data.
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6. The system of claim 1, wherein the control circuitry
comprises a control buffer for storing information linking
write data and write addresses.

7. The system of claim 1, wherein the control circuitry
comprises an arbitration unit for selecting the received trans-
action.

8. The system of claim 1, wherein the control circuitry
comprises a free-buffer-list FIFO for storing available loca-
tions in the data buffer.

9. The system of claim 1, wherein the control circuitry
comprises a burst shaper for chopping a received burst into
smaller bursts.

10. The system of claim 1, wherein the control circuitry
comprises a completed list for storing information regarding
completed transactions.

11. A method for executing bus transactions, the method
comprising:

storing write data associated with a plurality of transac-

tions received from a bus;

storing write addresses associated with the plurality of

transactions received from the bus;

storing information regarding in-order dependencies

among the plurality of transactions, wherein storing
information regarding in-order dependencies includes
linking a first series of transactions and linking a second
series of transactions,

selecting a received transaction from the plurality of trans-

actions for out-of-order execution in accordance with
the in-order dependencies, thereby interleaving execu-
tion of transactions from the first series of transactions
and transactions from the second series of transactions,
wherein selecting the received transaction for out-of-
order execution includes reviewing transactions for
which an associated mask bit has an on value.

12. The method of claim 11, wherein linking the first series
of transactions includes linking a first in-order transaction to
a second in-order transaction.
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13. The method of claim 12, wherein selecting the received
transaction comprises selecting a head of one of the first and
second series of linked transactions.

14. The method of claim 11, wherein storing write data
comprises linking a series of related write data received on the
bus interleaved with unrelated write data.

15. The method of claim 11, further comprising shaping a
burst of write data in accordance with a slave interface.

16. The method of claim 13, further comprising removing
the selected received transaction from the head of the respec-
tive series of linked transactions such that a next transaction in
the respective series of linked transactions becomes the head.

17. The method of claim 16, further comprising changing a
value of a the mask bit for the next transaction to on.

18. The method of claim 11, further comprising:

setting a value of the mask bit to on for a head of the first

series of transactions and for a head of the second series
of transactions, and setting the value of the mask bit to
off for other transactions in the first and second series.

19. A system for executing bus transactions, the system
comprising:

a data buffer for storing write data associated with a plu-

rality of transactions received from a bus;

an address buffer for storing (i) write addresses associated

with the plurality of transactions received from the bus
and (ii) information regarding in-order dependencies
among the plurality of transactions, wherein the address
buffer includes a plurality of linked lists; and

means for selecting a received transaction from the plural-

ity of transactions for out-of-order execution in accor-
dance with the in-order dependencies thereby interleav-
ing execution of transactions from the plurality of linked
lists, wherein selecting the received transaction for out-
of-order execution includes reviewing transactions for
which an associated mask bit has an on value.

#* #* #* #* #*



